Neutral oligosaccharides were fluorescently conjugated with 7-amino-1, 3-naphthalenedisulfonic acid. A mixture of fluorescently labeled chitobiose, chitotriose, and chitotetrose were successfully separated by preparative capillary electrophoresis (CE) and the individual components characterized by electrospray ionization-mass spectrometry (ESI-MS). By combining fluorescent labeling with CE, the use of highly specific exoglycosidases and ESI-MS, a more structurally complex N-linked glycan was analyzed.
Introduction
Glycosylation plays an important role in biological processes such as antigenicity, secretion, and clearance of glycoproteins (Drickamer & Taylor 1998 , Reuter & Gabius 1999 . Some of the functional diversity of the glycoproteins can be attributed to their oligosaccharide components. The glycosylation profile of a recombinant protein can significantly affect its biological activity and is particularly important in human therapeutic applications (Kobata 1998 , Kornfield 1998 , Dennis et al. 1999 . Thus, the identification of individual and closely related glycoprotein-derived oligosaccharides remains a necessary but demanding challenge. In recent years, different strategies for the preparation and sequencing of oligosaccharides from glycoproteins have been developed, i.e., size exclusion chromatography (Bigge et al. 1995) , high pH ion-exchange chromatography (Lee 1990 ) and gel and capillary electrophoresis (Lee et al. 1991 , 1992 , Jackson 1997 , Guttman & Ulfelder 1997 . Recently, we reported a method to release and purify oligosaccharides that were N-linked to glycoproteins obtained from Sf-9 insect cells (Wolff et al. 1999) . These released oligosaccharides were fluorescently labeled by reductive amination with monopotassium 7-amino-1,3-naphtalenedisulfonic acid (AGA) and analyzed by capillary electrophoresis (CE) in combination with sequential exoglycosidase digestion. Definitive assignment of structure was not possible based on CE alone. The current study investigates the potential of ESI-MS in combination with preparative CE and exoglycosidase digestion to characterize a mixture of fluorescently conjugated oligosaccharides.
Materials and methods

Fluorescent labeling of oligosaccharides
Monopotassium 7-amino-1,3-naphthalenedisulfonic acid (AGA) (Aldrich) was recrystallized from deionized water for the fluorescent labeling of the oligosaccharide. Chitobiose (1 mg) ( Figure 1A ), chitotriose (1 mg) ( Figure 1B) , and chitotetrose (1 mg) (Figure 1C) , undecasaccharide (20 µg) ( Figure 1D ), and nonasaccharide (50 µg) ( Figure 1E ) were dissolved with approximately 20 times molar excess of AGA in 100 µl of 15% acetic acid and the mixture was incubated for 1 h at room temperature. AGA reacts with the reducing termini of the oligosaccharide to form a Schiffs base, which can be stabilized by reduction with sodium cyanoborohydride. Therefore, 100 µl of 1.0 M sodium cyanoborohydride in water was added to the mixture and incubated for 12 h at 45 • C. Excess AGA was removed by gel permeation chromatography on a Sephadex G-25 (Sigma) column (45 cm × 1.5 cm i.d.) with detection at 247 nm.
Analytical capillary electrophoresis
The experiments were performed with a capillary electrophoresis system (Dionex, Sunnyvale, CA) at 23 kV by fluorescent detection (λ ex of 250 nm and λ em of 450 nm). Separation and analysis were carried out in a reversed polarity mode using a fused silica (externally coated except where the tube passed through the detector) capillary tube (37 cm length × 50 µm i.d.). The separation buffer contained 20 mM sodium phosphate pH 3.5. The sample was injected by pressure injection (5 s, 0.3 atm.) resulting in an injection volume of 0.5 µl.
Preparative capillary electrophoresis
Individual glycan peaks were separated by a P/ACE 5500 System (Beckman Instruments, Fullerton, CA) and a capillary cartridge containing an uncoated fused silica capillary (57 cm length × 75 µm i.d.). The electrophoretograms were acquired using the system Gold software package (Beckman Instruments, Fullerton, CA). Prior to every run the capillary was conditioned with 0.5 M NaOH (0.5 min 1.3 atm.) and rinsed (2 min, 1.3 atm.) with the separation buffer (5 mM sodium phosphate pH 3.5). All separations were performed at 18 • C, with a potential of −20 kV (reversed polarity mode). Samples were injected by pressure (10 s at 0.03 atm.) and detected by UV absorbance at 247 nm. Before the individual glycans were separated, initial runs were carried out to establish the migration times of the chitobiose, chitotriose and chitotetrose. After verifying adequate precision, fraction collection runs were performed. The electrophoresis was run shortly before chitobiose was detected, then the power was stopped, the autosampler moved to an elution
